A New Measure of Accessibility based on Perceived Opportunities  by Cascetta, Ennio et al.
 Procedia - Social and Behavioral Sciences  87 ( 2013 )  117 – 132 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of SIDT2012 Scientific Committee.
doi: 10.1016/j.sbspro.2013.10.598 
ScienceDirect
SIDT Scientific Seminar 2012 
A new measure of accessibility based on perceived opportunities 
Ennio Cascettaa, Armando Cartenìa,*, Marcello Montaninoa 
aUniversity of Napoli Federico II, Via Caludio 21, 80125 Naples Italy 
Abstract 
Accessibility is a key concept in describing and simulating the interactions between activities and transportation in any given 
area. Over the decades several definitions and related indicators have been proposed for accessibility including opportunity-
based and utility-based, active and passive, descriptive and behavioral ones. Limitations of the various definitions and related 
indicators have been discussed in the literature on the basis of their lack of behavioral content and/or lack of clear physical 
meaning and/or the lack of sound statistical procedures to estimate the parameters involved. 
In this paper a new behavioral definition of accessibility, both active and passive, is proposed and tested, based on the number 
of opportunities perceived by an (average) individual for satisfying his/her needs in the study area. These general definition 
overcomes most shortcomings of previous definitions belonging to the same class such as isochrones-based measures which, 
in turn, can be cast as particular cases of perceived opportunities measures. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of SIDT2012 Scientific Committee. 
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1. INTRODUCTION AND MOTIVATION 
Accessibility is a concept expressing the relationship between the activity system in a territorial area and the 
transportation system serving it. Therefore, measures of accessibility have been extensively used by researchers 
and policy makers in i) understanding and modeling transportation/land-use interactions, ii) understanding and 
modeling travel demand (e.g. activity participation and travel levels), iii) assessing the effectiveness of 
transportation plans and projects with respect to the planning objectives (e.g. equity and territorial development), 
and iv) solving optimal location problems for Public Utilities and Services. 
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Despite its uses in several application fields, accessibility is an abstract concept, and several possible 
definitions were formulated across the years. In the seminal paper by Hansen (1959), the concept accessibility 
was defined as “the opportunity which an individual or type of person at given location possesses to take part in a 
particular activity or set of activities”. Hereafter, accessibility was seen both as a measure trying to capture the 
net utility received by a subject in a given location, that is “the consumer surplus, or net benefit, that people 
achieve from using the transport and land-use system” (Leonardi, 1978), or as the measure of “the average 
number of opportunities which the residents of the area possess to take part in a particular activity or set of 
activities” (Wachs & Kumagai, 1973), within a given travel time, distance, or generalized cost (see, for example, 
Hack, 1976;  de Lannoy, 1978). 
In addition, the concept of accessibility is specialized in active and passive accessibility. Active (or person) 
accessibility relates to the easiness in carrying out activities (e.g. shopping, entertainment, education, work, etc.) 
for a subject located in a certain zone. Conversely, passive (or place) accessibility relates to the easiness of being 
reached by potential users (e.g. clients, workers, providers, etc.) for an activity located in a certain zone. See Pirie 
(1979), Hanson (1995) and Miller (2007) for an helpful discussion on these two concepts and the methodological 
problems involved. 
 Although such distinction can be found in the literature (for example, Cascetta, 2009; Ben-Akiva & Lerman, 
1979), passive accessibility has received very limited attention in the literature, while its application fields are 
increasingly wide spreading (i.e. the problem of optimal displacement of Public Utilities and Services). 
In a framework unifying different approaches, accessibility could be defined as the ease in meeting one’s 
needs in locations distributed over space for a subject located in a given area. In this view, accessibility depends 
on i) the involved subjects (i.e. the socio economic characteristics of the subject involved in the activity), ii) the 
quantity, the quality and the location and of the opportunities (activities) considered (e.g. shopping, recreational, 
health care, schooling, workplaces), or the nature, the quantity, and the location of the potential users in the case 
of passive accessibility, and iii) the LOS attributes (travel time, access/egress times, direct and indirect costs) and 
the quality of the travel allowed by the transportation supply system. 
Since accessibility can be measured as both the net advantage received by a subject in satisfying his/her needs, 
or the average number of opportunities available to that subject, the proposed indicators can be classified 
accordingly. The first level of classification derives from seeing accessibility as a measure of the net advantage 
(i.e. measure of attractiveness of activities minus travel cost) received by a subject in a given location 
(attractiveness/cost-based measures), or as a measure of the total number of opportunities (activity or users) 
available to a subject in a given location (opportunity-based measures). It is worth noting that, in such unifying 
framework, the concept of attractiveness/cost-based measures appeared to the authors suitable to group under one 
roof both gravity- and utility-based measures. As a matter of fact, indeed, if on one hand gravity-based measures 
clearly belong to this class given the measure definition, on the other hand, we claimed that, though the idea 
behind the definition of utility is much deeper and rigorous, the net utility can always be interpreted as reported 
in Leonardi (1978). That is as a consumer surplus, or net benefit as a function of attractiveness of activities minus 
costs. 
At the second level, accessibility measures can be derived though both a behavioral approach, explicitly based 
on perceived user’s attributes, and not behavioral approach. Ultimately, at a third classification level, 
accessibility measures can be defined at different aggregation levels, i.e. individual disaggregate models or 
aggregated ones. A classification of the indicators discussed in the literature is presented in Table 1, including the 
new measures proposed in this paper (highlighted in bold characters) and described in Section 3. 
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For a detail explanation of the reviewed measures, we redirect the reader to the review of the literature 
provided in Section 2. However, telling in advance the main outcome from the review, as a matter of fact, 
isochrones-based measures, while easy to understand and to compare, have a high sensitivity towards the 
threshold value that cannot be calibrated upon real data, and they lack of a behavioral interpretation. On the other 
hand, utility-based measures are formally very robust and are based on a consolidate theoretical paradigm, but 
cannot be easily interpreted, the results are expressed in arbitrary (i.e. not physical) unit of measure and are 
inadequate for quantitative comparison across different territorial areas. 
Therefore, the objective of this paper is to fill the gap in modeling behavioral accessibility measures based on 
cumulative opportunities, overcoming some limitations of the existing measures.  
The remaining of the paper is organized as follows. A brief review of the models cited in Table 1 is presented 
in Section 2. The new formulation of the accessibility measure, together with the model specification, is 
presented in Section 3. Section 4 deals with the methodological problem undergoing the calibration of the new 
proposed model parameters, while Section 4 shows the results from a preliminary test application on a real case-
study, whose objective, at the current stage of the study, was limited only to exploration of the potentiality of the 
new model compared to the existing ones. The work ends with conclusions and recommendations for future 
research.  
 
Table 1. Proposed classification of the accessibility measures reviewed from the literature 
 
Behavioral Not-behavioral 
Attractiveness/ 
Cost-based 
Disaggregate Activity-based random utility models - 
Aggregate Trip-based random utility models Gravity models 
Opportunity-based 
Disaggregate Activity-based perceived opportunities models - 
Aggregate Zonal perceived opportunities models Isochrones-based models 
2. LITERATURE REVIEW 
Historically, the original measure of accessibility was due to Hansen (1959), and his contribution  gave rise to 
so-called gravity models, where the zonal accessibility is proportional to the number of activities/users, and 
inversely proportional to travel cost attributes. According to the definition, these type of measures were strictly 
derived from the denominator of the trip distribution gravity models. The general formulation is presented in Eq. 
1: 
 
 
aao
i.s (d) = Ksβ1 (d) ⋅ f codi( )
AAo
i,s = Ksβ1 (d) ⋅ f codi( )
d=1
n
∑
 
pad
i,s o( ) = Piβ1 (o) ⋅ f codi( )
PAd
i,s = Piβ1 (o) ⋅ f codi( )
o=1
n
∑
       (1) 
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where, aai,so(d) and pai,sd(o) are the relative active and passive accessibility between zone o and d respectively, 
for a user class i and activity of type s, while AAi,so and PAi,sd are the corresponding integral measures (according 
to the definition provided in Ingram, 1971). Further, Ks(d) is a measure of the activities and services of type s 
located in the destination zone d,  Pi(o) is a measure of the potential users of class i located in the origin zone o, 
βs are model parameters to be calibrated (or derived from trip distribution models) and  f(ciod) is the impedance 
function that quantify the disutility of the travel as a function of the average generalized cost to reach destination 
d from origin o (the transport mode choice is incorporated in the disutility of the travel through the EMPU 
attribute; see later for details). Following the primary intuition by Hansen (1959), the gravity-type inverse power 
impedance function was formulated as: 
 
f cod
i( ) = exp −β2 ⋅cod( )            (2) 
 
A review of the alternative specifications of the impedance function can be found in Kwan (1998). However, 
the major limitation of such gravity measures is that they neglect the attribute variations across individuals (the 
so-called taste variation). For example, a gravity measure says that a retired grandfather and his college student 
grandson who live together each have identical values of accessibility, which is definitely not  the case. 
Models derived from the random-utility theory were used to explicit model the behavioral components, 
through the maximum of the average net utility of participating to an activity. Indeed, the measure of accessibility 
is the expected value of the maximum perceived utility (EMPU; for details, see Ben-Akiva & Lerman, 1985; 
Cascetta, 2009) from a random utility model, as it represents the expected “worth” of a set of travel alternatives 
available to a specific user category. The EMPU depends on the attributes Xk of the systematic utility Vj of the j-
th travel alternative and the distribution of the residuals εj of the perceived utility Uj. That is: 
 
Uj
i =Vj
i X j( )+ε ji = βkXkji +ε ji∑          (3) 
 
EMPU o, i( ) = E[max
j
U j
i ]           (4) 
In a trip-based approach, zonal accessibility is proportional to the utility obtained from the choice of 
carrying out an activity in the different territorial areas (zones), examining one trip at time and not considering 
scheduling or trip chaining. The attributes relevant to the travel decision are related to i) the measures of 
attractiveness (e.g. number and/or density of activities located in d, etc.), ii) the socio-economic attributes of the 
commuter (e.g. income, driving license availability, PT availability, etc.), and iii) the LOS attributes of the 
transportation system and mode choice (travel times, costs, etc.). In this case, the j-th trip alternative choice 
sequence is the result of choices over multiple dimensions, and is equivalent to a sequence [x, o, d, m, k] of 
making a particular number x of trips, from origin o, in order to reach destination d, by mode m, and path k. Trip-
based measures implicitly assume that the choices relating to each origin–destination trip are made independently 
of the choices for other trips within the same and other journeys. This approximation is made to simplify the 
analysis, and is reasonable when most of the journeys in the modeling period consist of round trips (origin–
destination–origin). 
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On the other hand, activity-based measures incorporates the impact of trip chaining and scheduling of 
activities (Ben-Akiva et al., 2006). They are derived from the Daily Activity Schedule (DAS) model system 
which is an activity-based travel demand model system. Rather than modeling each trip separately or as a part of 
a tour, the DAS models the whole day’s schedule of multiple activities and trips taken by an individual. The 
Activity-Based Accessibility (ABA) measure is defined as the expected (mean) value of an individual’s 
maximum utility among the available activity schedules, given his/her residential location. In this case, the 
generic j-th alternative reflects the daily travel sequence that allows him/her to participate in different activities in 
different places, and at different times. As a result, it reflects the outcome of travel and activity scheduling, it 
captures the relative attractiveness of various alternatives for activity participation, trip combination, travel model 
and timing, and it reflects not only the properties of land-use and transportation systems, but also the socio-
economic characteristics of individuals. 
However, despite their rigorous derivation from random-utility models, utility-based accessibility measures 
have faced, in the literature, a strong dispute regarding their application, mainly due to the lack of interpretability 
of the results (i.e. unit of measure) and the inadequacy for quantitative comparisons between different territorial 
areas.  
On the other hand opportunity-based models have a clear interpretation as accessibility is defined in relation to 
the number of potential opportunities available to an individual (or firm), located in a given area. 
At the current stage, only not behavioral aggregate models can be found in the literature. They are based on 
the so-called isochronal lines, that represent the locus of the geographic points in a region that have an average 
generalized cost to reach them (from a given origin) not greater than a threshold value. In this view, accessibility 
is modeled as follows: 
aao
i,s (d /m) = Ks (d /m) ⋅Wod /mi,s         AAoi,s (m) = Ks (d /m) ⋅Wod /mi,s
d=1
n
∑
  
Opportunities = Activities    (5) 
pad
i,s (o /m) = Pi (o) ⋅Wod /mi,s          PAdi,s (m) = Pi (o) ⋅Wod /mi,s
o=1
n
∑  Opportunities = Users   (6) 
According to the isochrones-based models, transportation system is a constraint with regards to the 
accessibility. Further, the threshold value depends on the type of opportunity (e.g. a cinema located 120 minutes 
away is not perceived as a potential choice alternative, or disable people would not perceived it if not properly 
furnished) and, thus, different thresholds for different activities (e.g. distribution of the maximum available 
budget of a commuter to reach work site) are required, as well for different transport modes (m): 
 
Wod /m
i,s (tod /m ) =
1    if  tod /m ≤ tmax/mi,s
0    otherwise
⎧
⎨
⎩
         (7) 
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Despite the easiness in the computation and interpretation of this measure, several studies pointed at its 
substantial limitation. The high sensitivity towards the threshold choice, which cannot be (robustly) calibrated 
upon real data, highlights the model inadequacy of reproducing users’ perception of available opportunities, and 
related effects (e.g. dominance of strong attractors versus competing alternatives). 
On this basis, the objective of this paper is to fill the gap in modeling behavioral accessibility measures based 
on cumulative opportunities, satisfying all the requirements presented above. Specifically, the new measure of 
accessibility would allow: 
• the interpretation of the results, as based on cumulative opportunities rather than net perceived utility; 
• a behavioral modeling, in order to capture user preferences based on activity locations, LOS of the 
transportation system, and socio-economic attributes of both the user-category and of the target opportunities;  
• the indirect estimation of model parameters, by means of SP and RP surveys; 
• the independence from the zoning hypothesis, that highly impacts on gravity and isochrones-based models; 
• the quantitative comparison between different territorial areas. 
 
3. PERCEIVED OPPORTUNITIES ACCESSIBILITY MEASURES 
To take into account the two-way influence between activities and transport (in terms of both space-time 
attributes and users’ perception) we propose a definition of integral  accessibility as the average number of 
opportunities perceived as such, for an agent located in a given point. The opportunities could either be 
alternative locations where an individual or a household (agent) can carry out activities, such as shops, cinemas, 
schools – in this case we refer to active or person accessibility – or the number of potential users for an activity 
(agent) such as a mall or a school – in this case we refer to passive or place accessibility.  
 
According to this, we defined (relative and integral) active accessibility as follows: 
 
aao
i,s (d) = Ks (d) ⋅ p(d ∈CSi,s[o])          (8) 
AAo
i,s = aao
i,s (d)
d=1
Nd
∑           (9) 
AAo
s = AAo
i,s
i=1
I
∑            (10) 
 
Conversely, (relative and integral) passive accessibility are defined as follows: 
 
pad
i,s (o) = Pi (o) ⋅ p(d ∈CSi,s[o])          (11) 
PAd
i,s = pad
i,s (o)
o=1
No
∑           (12)  
PAd
s = PAd
i,s
i=1
I
∑            (13) 
 
In Eqs. (8-15),  
i   the generic individual or user’s class (1,…, I); 
s the generic type of activity (1,…, S); 
o the location of the individual or user’s class (1,…,No); 
d the location of the activity (1,…,Nd) 
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Ks(d) the number of activity of type s at location d; 
Pi(o) the population of user’s class i at location o. 
 
The probability p(d ϵ CSi,s[o]) reflects the joint probability that the activity of type s located in d is i) 
perceived by a user class i located in o as a proper location for satisfying his/her needs, and ii) is available to 
him/her, given the space-time constraints. Details on the specification of the behavioral models for the 
availability/perception of spatially distributed opportunities will be provided hereinafter.  
With reference to the perceived opportunity accessibility measures presented above, two possible specification 
levels exist: one independent from the zonal location of the opportunities, and one based on the aggregation of 
opportunities at a zonal level.  
In the former case, d represents the location of a single specific activity of type s and o is the location of a 
single individual or household of class i. Therefore, at the most disaggregated territorial scale (where the 
minimum territorial unit is the single building), Ks(d) is the number of activities of type s at location d (i.e. 
usually 1), while Pi(o) is the population of class i at location o. Therefore, at this disaggregation level, 
accessibility to/for single opportunities is modeled independently from their zonal aggregation.  
On the contrary, traditional accessibility measures are zone-based. Therefore, when referring to the zoning 
areas as the origin and destination of the travel, Ks(d) and Pi(o) become the total number of opportunities 
(activities/population) located in that zone (destination/origin).  
However, in this case, if a zone is perceived as a potential location for satisfying one’s needs, not all the 
opportunities located in that zone are typically perceived as such. To take into account this dual perception effect, 
the probability of perceiving the generic zone should be multiplied by the probability that any single opportunity 
located in that zone is perceived as available/perceived, conditional to the perception of the given zone as a 
location for satisfying one’s needs. 
To make Eqs. (8) and (11) operational, a model for the availability and perception of spatially-distributed 
alternatives must be specified, where different attributes could relate to the following categories: 
• SEio , socio-economic attributes of the individual class i, located in o, (e.g. income bracket, driver license 
availability, auto/motorcycle availability, etc.); 
• STCi , user-specific space-time constraints derived from the daily activity patterns (e.g. early/late 
arrival/departure time from fixed activities in the daily schedule); 
• APAsd , area perception attributes for opportunity of type s, located in d (e.g. presence of big malls, density of 
opportunities/km2, etc.); 
• Wsd , number of the opportunities of type s located in d; 
• LoSod , Level of Service attributes of the transportation system connecting o and d (e.g. distribution of travel 
times to destination by mode, number of parking slots, etc.). 
 
A possible specification of the probability density function, can be expressed by the binomial logit 
specification: 
 
p(d ∈CSi,s[o]) = 1
1+ exp −Zodis( )
         (14) 
 
where Zisod depends on attributes related to the categories previously introduced. Such specification is strictly 
consistent with the random constraints approach for choice-set generation presented in Ben-Akiva and Boccarà 
(1995), and with the availability/perception model proposed by Cascetta and Papola (2001). It is worth noting 
that the simulation of availability/perception of choice alternative can be carried out both implicitly and 
explicitly. In the latter case, perceived locations (zones) could considered as observations of latent variables, i.e. 
the actually perceived ones (see, for example, Ben-Akiva & Boccarà, 1995). 
It is worth noting that at both specification levels (i.e. single specific opportunity and zonal aggregation), the 
124   Ennio Cascetta et al. /  Procedia - Social and Behavioral Sciences  87 ( 2013 )  117 – 132 
correct definition of the study area to which extent the analysis is performed is crucial for the reliability of the 
results. For example, when evaluating the place accessibility to a specific airport, in a region where it is the only 
existing one, the adoption of a study area limited to that region would not produce any significant result, as no 
competitive alternatives are located in the study area. On the contrary, at a national scale, results would be more 
convincing. 
In the following paragraphs, the specification of the behavioral model related to the trip-based and the 
activity-based approaches are presented. 
3.1. Trip-based approach 
In the case of trip-based travel choices, the impedance variable Zod depends only on the socio-economic 
attributes (SEio) of the user (individual or group) located in the reference point, on the attributes of area 
perception (APAsd), and on the LOS attributes of the transportation system connecting o and d. In this case the 
model becomes a “pure” perception model. 
 
Zod
is = β j ⋅Xj,SEoi
j=1
NASE
∑ + β j ⋅Xi,APAd
j=1
NASE
∑ + β j ⋅Xj,Wds
j=1
NALOS
∑ + β j ⋅Xj,LOSod
j=1
NALOS
∑      (15) 
 
It is worth noting that in the proposed behavioral model specification, attributes related to the transport mode 
used to reach destination d from origin o are included in LoSod attributes through the EMPU, and the derived 
measure of accessibility is not related to a specific transport mode. Otherwise, one could evaluate the different 
accessibility measures by transport mode simply conditioning the probabilities in Eqs. (8) and (11) by the specific 
transport mode. 
 
The integral measures of isochrones-based accessibility are a special case of the proposed trip-based measure, 
where access time and/or distance are the only perception attributes, and the availability/perception model is a 
delta function: 
 
p(d ∈CS[o]) =
1    if  tod ≤ tmax
0    otherwise
⎧
⎨
⎩
          (16) 
 
3.2. Activity-based approach 
From an activity-based point of view, the space-time availability of an opportunity must be taken into account 
appropriately. This can be done by modeling explicitly the user-specific space-time constraints e.g. the time-
space prism (Burns, 1979; Kwan & Hong, 1998; Kim & Kwan, 2003), derived from the individual program of 
fixed activities, and considering the opportunity of type s at the destination d effectively perceived by the 
individual i, initially located in o, only if it is reachable by the user within the available time-window.  
Given a daily activity pattern for an individual originally located in zone o made of m = 1, …, M out-of-home 
activities, some of them need to be performed at locations fixed to the individual (e.g. work-place, child’s school, 
family doctor, etc.), while others can be undertaken at locations chosen at the individual’s discretion (e.g., 
grocery stores, cinemas). Referring to Fj with j = 1,…, J as the fixed activities from the individual activity 
program, and to Fd with d = 1,…, Nd as the activities related to the latter type, the joint probability density 
function p(d ϵ CSi,s[o]) of considering the generic opportunity d of type s as available/perceived by the individual 
i, initially located in o, can be expressed as follows: 
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p d ∈CSi,s[o]( ) = p d ∈CSi,s[ j] / Fj,Fj+1( )
j=1
J−1
∑         (17) 
 
p(d ∈CSi,s[ j] / Fj,Fj+1) = p d ∈CSi,s[ j]( ) ⋅ p d ∈ PPS[Fj,Fj+1]( )      (18) 
 
p d ∈ PPS[Fj,Fj+1]( ) =
1    if  d ∈ PPS[Fj,Fj+1]
0    otherwise
⎧
⎨
⎩
        (19) 
 
where, p(d ϵ CSi,s[j]) is equal to the probability of a trip-based travel choice from origin j, while p(d ϵ PPS[Fj, 
Fj+1]) is the probability of perceiving the opportunity d as reachable (available) within the specific time window 
between fixed activities Fj and Fj+1, to be carried out at locations j and j+1, respectively. Based on the 
formulations of the space-time prism by Burns (1979) and its extension by Kwan and Hong (1998), for any pair 
of consecutive fixed activities Fj and Fo+1, and for a given available time window td for satisfying the potential 
opportunity at the destination d (and related travel times to reach/leave it), location d is “time-available” to the 
individual i if it is included in the potential path space (PPS) from the local origin j, defined as follows: 
 
PPS[Fj,Fj+1]= d, t( )   t j + t j,d ≤ t ≤ t j+1 − td, j+1{ }         (20) 
 
where tj is the latest ending time of the activity Fj at location j, tj+1 is the earliest starting time of the activity Fj+1 
at location j+1, and tj,d and td, j+1 are the (estimated) travel times from j to d and from d to j+1 respectively. The 
formulation here proposed can be applied both at the scale of single specific opportunity and at a zonal 
aggregation level. 
 
3.3. Estimation of model parameters 
The coefficients included in model (14) can be estimated using standard statistical procedures, both in the case 
of explicit observations of activity locations stated as available/perceived by a sample of individuals, or in the 
case of implicit perceptions observed as choices of activity locations. In the first case stated opportunities can be 
used either directly or indirectly as observations of latent, unobservable variables or actual perception (Ben-
Akiva & Boccarà, 1995). In the case of choice observations implicit availability/perception models could be 
estimated jointly with destination choices (Cascetta & Papola, 2001). 
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4. A PRELIMINARY APPLICATION 
The application conducted in this study is a preliminary exercise on a real case-study, whose objective was 
limited only to the exploration of the potentiality of the new model compared to the existing ones. 
The case study is the district of Naples in southern of Italy, with a population of about 960 thousand 
inhabitants and a population density of 8.2 thousand inhabitants/km2. The spatial representation of activity and 
user distributions lead to the adoption of 250 zones. The objective of the analysis was the evaluation of the 
relative active accessibility to non-daily shopping activities, reachable through the road infrastructure network, 
from a given residential zone, under the hypothesis of trip-based travel choice. 
On this basis, the performances of the proposed indicator in reproducing user-choice behaviors, are compared 
to those of both gravity- and isochrones-based measures. 
In the following, the model specifications together with the resulting relative active accessibility map are 
presented. It is worth noting that the model parameters were estimated both through the results of a previous 
study (Bifulco et alii, 2010) and using a sample of 100 observations from a RP survey conducted at the 
University of Naples, on an homogenous sample of students all residing in the same origin zone, the district of 
Fuorigrotta. In detail, each respondent was asked to provide the list of stores where they go to shopping, 
indicating the name, the product type, the address and the trip frequency. Through these data was possible to 
estimate the fraction of students, located in o (Fuorigrotta), that perceived a shop located in d: pobs (d∈CS[o]) as 
reported in the successive model (26).   
However, though we are acknowledge about the limitations of the current evaluation, the results here 
presented must be intended as a preliminary proof of the potentiality of the new model, especially with regards to 
the well-known issues that affect traditional approaches. 
4.1. Gravity-based model 
Based on the model specification presented in Section 2, the model parameters were assigned based on a 
previous study aimed at the indirect estimation of the trip-distribution model in the same metropolitan area (see 
Bifulco et alii, 2010). 
 
ao(d / car) = K
1.5(d) ⋅exp −2 ⋅ tod /car( )
AAo/car = K
1.5(d) ⋅exp −2 ⋅ tod /m( )
d=1
n
∑
        (21) 
 
Figure 1 shows the resulting relative active accessibility map. The total number of opportunities available to 
the users located in the reference zone is equal to 850 shops. 
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Fig. 1. Relative active accessibility map based on the gravity model indicator. Relative accessibility is expressed in terms of number of 
opportunities (shops) for non-daily shopping activities that are available to the individuals located in the origin zone 
 
4.2. Isochrones-based model 
Recalling the model specification presented in Section 2: 
ao(d) = K(d) ⋅Wod         AAo = K(d) ⋅Wod /car
d=1
n
∑  
Wod /car (tod /car ) =
1    se  tod /car ≤ tmax
0    se  tod /car > tmax
⎧
⎨
⎩
         (22) 
 
Different thresholds were tested, based on the following categories: 
 
Class =
1     if    tod ≤ 6 min
2    if    6 min < tod ≤12 min
3    if    12 min < tod ≤18 min
4    if    18 min < tod ≤ 24 min
6    if    24 min < tod ≤ 30 min
7    if    tod > 30 min
⎧
⎨
⎪
⎪
⎪
⎩
⎪
⎪
⎪
        (23) 
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The isochronal lines distribution is mapped in Figure 2. To calculate the relative accessibility measure, the 
threshold value was set equal to the average travel time to reach the destination zones declared in the users’ 
preferences. The resulting accessibility map is presented in Figure 3, where the total number of opportunities 
available to the users located in the origin zone is equal to 2150 shops. 
 
Fig. 2. Car-based isochronal lines distribution 
4.3. Perceived Opportunity model 
The specification of the impedance function adopted in this exercise for the trip-based perceived opportunity 
model is the following: 
Zod = β0 ⋅SZ + βiXi ⋅ tod
i=1
6
∑ +β6 ⋅SCd          (24) 
where SZ is a dummy variable that takes into account the overall cost of reaching an activity located in the origin 
zone, SCd is dummy variable equal to 1 if there is a shopping centre in d, 0 otherwise, while Xi are dummy 
variables to take into account the different perception of Value Of Travel Time with regards to the activity 
location:  
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⎨
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=
otherwise    
30mint         se
X
otherwise    
30mint min 24         se
X
otherwise    
24mint min 18         se
X
otherwise    
18mint min 12         se
X
otherwise    
12mint min 6         se
X
otherwise    
6mint         se
X
od
od
od
od
od
od
0
1
0
1
0
1
0
1
0
1
0
1
6
5
4
3
2
1
         (25) 
 
 
Fig. 3.  Relative active accessibility map based on isochrones-based model indicator. Relative accessibility is expressed in terms of number of 
opportunities (shops) for non-daily shopping activities that are available to the individuals located in the origin zone 
 
The calibration of the βs was performed through a Generalized Least Square (GLS) minimization of the 
difference between observed and simulated destination zone perception/availability probability, coupled with the 
minimization of the number of opportunities effectively declared and the number of those simulated as perceived 
for each destination zone. Specifically: 
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β * = argmin
β
psim (d ∈CS[o])− pobs (d ∈CS[o])
γ1
⎛
⎝
⎜
⎞
⎠
⎟
2
d=1
N
∑ +
psim (d ∈CS[o])− K
obs (d)
KTOT (d) ⋅
γ2
⎛
⎝
⎜
⎜
⎜
⎜
⎞
⎠
⎟
⎟
⎟
⎟
2
d=1
N
∑
⎡
⎣
⎢
⎢
⎢
⎢
⎢
⎤
⎦
⎥
⎥
⎥
⎥
⎥
   (26) 
 
Though we are aware that the proposed estimator is different from what traditionally used in RU model 
estimation framework, we think that it can effectively overcome the limitations of the zonal-based calibration 
presented before. On the other hand, results here presented are only partially reliable and, given the objective of 
the study, we did not show the value of the βs and their level of significance. 
 The resulting relative active accessibility map is presented in Figure 4, where the total number of perceived 
opportunities for the users located in the reference zone is equal to 175 shops. 
 
Fig. 4. Relative active accessibility map based on perceived-opportunity model indicator. The relative accessibility is expressed in terms of 
number of perceived opportunities (shops) for non-daily shopping activities available to the individuals located in the origin zone 
4.4. Discussion of the results 
A first comparison can be made between opportunity-based measures (see Figure 3 and 4). From the resulting 
maps, it emerges that the isochrones-based model did not capture many relevant commercial centers located in 
study area, while it considers too many small shops as available opportunities (i.e. 2150 shops). On the contrary, 
the proposed measure overcomes this limitation and returned a (more realistic) total number of 175 shops 
perceived as opportunities in the study area, mostly concentrated in the destination zone where commercial 
centers are located. Such a high overestimation of the cumulative available opportunities from the isochrones-
based approach is due to the lack of a behavioral perception attribute of opportunities, a part from their physical 
separation (travel time) from the origin zone. In other words, opportunities located in zones within the same 
isochronal line are perceived alike, independently from their relative importance as attractive poles for the user 
category i located in o. 
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When comparing the proposed indicator with a gravity-based measure (see Figure 1), though the utility-based 
measure allows for a correct identification of the commercial centers as main attractors, a still high (unrealistic) 
number of cumulative opportunities are considered available to the users in the origin zone (850 vs. 175 shops). 
Furthermore, behavioral measures based on random-utility models, has no physical meaning and thus, they can 
hardly be used as for absolute quantitative comparisons among different land-use patterns, activity distributions 
and transportation systems. 
 
5. CONCLUSIONS AND FUTURE RESEARCH 
In this paper, a unified definition of both individual (active) and place (passive) accessibility is presented as 
the ease in meeting one’s needs in locations distributed over space for a subject located in a given area. In this 
view, accessibility depends on i) the involved subjects (i.e. the socio economic characteristics of the subject 
involved in the activity), ii) the quantity, the quality and the location and of the opportunities (activities) 
considered (e.g. shopping, recreational, health care, schooling, workplaces), or the nature, the quantity, and the 
location of the potential users in the case of passive accessibility, and iii) the LOS attributes (travel time, 
access/egress times, direct and indirect costs) and the quality of the travel allowed by the transportation supply 
system. 
Based on this definition, and reckoning most of the limitations of the existing accessibility measures reviewed 
in the literature (gravity-based models, random-utility models, and isochrones-based models), we presented a 
new behavioral indicator for cumulative accessibility based on perceived opportunities. Indeed, integral active 
accessibility is defined as the average number of spatial distributed activities that are perceived as available by a 
user located in o (origin or individual accessibility), while integral passive accessibility is defined as the average 
number of spatial distributed users that perceive the activity located in d as available (destination or place 
accessibility). 
The same proposed model formulation can be then specified both at the scale of single specific opportunities 
and at the scale of zonal-based perceived opportunities. However, in the latter case, it is pointed out that if a zone 
is perceived as a potential location for satisfying one’s needs, not all the opportunities located in that zone are 
typically perceived as such. This dual perception effect implied a slightly different model formulation. 
The general formulation of the behavioral perception model is then specified for both a trip-based approach 
and an activity-based approach. Several results obtained in previous work such as time-space constraints can be 
cast in the proposed framework enriching it with further empirical evidences on spatial perception and related 
modeling approaches. 
A first test application of the proposed model was conducted in the district of Naples to evaluate the relative 
active accessibility to non-daily shopping activities, reachable through the road infrastructure network, from a 
given residential zone, under the hypothesis of trip-based travel choice. However, the main research objective 
beyond this application was limited only to the exploration of the potentiality of the new model compared to the 
existing ones, while more detailed analysis on the same real-case study will be the objective of very next future 
research. 
Notwithstanding, the main result from the test exercise revealed that the estimated behavioral perception 
model returned a more realistic number of perceived opportunities in the study area, compared to those from the 
gravity-based and isochrones-based models, mostly concentrated in the destination zone where commercial 
centers were located. 
More in general, results showed that the proposed measure provide a physical interpretation of the territorial 
accessibility overcoming most of the limitations of previous approaches: 
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• the behavioral perception model can be estimated (applicability); 
• the comparison among different scenarios and territorial area is possible (transferability); 
• there is no dependency from the zoning level of detail (objectiveness). 
The main research implications are that cognitive processes underlying the way agents perceive space and 
locations play a central role in defining accessibility both to activities and to potential users (e.g. Miller & 
Bridwell, 2009). Further, they are also influenced by the wide spreading of internet-based comparative searching 
browsers for the individuation of the best-priced alternative, especially for shopping and recreational activity. 
Therefore, the objective of future research is centered on the possibility to incorporate these variable in a more 
robust a general availability/perception model. 
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